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(54) [Name of invention] LASER-LIGHT GENERATION 

APPARATUS 

(57) [Summary] 

[Problem to be solved] To generate an optical waveform with 
short starting time and to perform a high-speed transmission with 
little jitter concerning a laser-light generation apparatus that 
provides signal electric current occurrence source which is an 
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occurrence source of first and second signal electric currents 
which are in supplementary relations. 

[Solution means (devices)] A series circuit which is composed of 
a resistance 40 and of a dummy laser diode 41 whose resistance 
value in continuity is identical to that of a regular laser diode 10 is 
wired across the connecting terminal 9 of a second circuit at a 
laser-diode drive circuit 1 and a grounding line in such a way that 
the dummy laser diode 41 is connected in the same direction as 
the regular laser diode 10. 

[Sphere of patent's claim] 
[Claim 1] 

First and second load circuit connecting terminals to which first 
and second load circuits that have to electrify first and second 
signal electric currents which are in supplementary relations, and 
connected to these first and second load circuit connecting 
terminals, in laser-light generation apparatus which provides 
laser-diode drive circuit that has signal electric current occurrence 
source which is an occurrence source of the mentioned above first 
and second signal electric current, 

a laser-light generation apparatus which is characteristic of 
connecting a dummy laser diode to the side of the connecting 
terminal of the mentioned above second load circuit together with 
connecting a regular laser diode to the side of the connecting 
terminal of the mentioned above first load circuit. 
[Claim 2] 

A laser-light generation apparatus mentioned in claim 1 which is 
characteristic for the fact that the mentioned above regular laser 
diode is connected in series to the first resistance element in order 
to plan matching with output impedance of the side of connecting 
terminal of the mentioned above first load circuit of the 
mentioned above laser diode drive circuit, 
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and for the fact that the mentioned above dummy laser diode is 
connected in series to the second resistance element so that to 
plan matching output impedance of the side of connecting 
terminal of the mentioned above second load circuit of the 
mentioned above laser diode drive circuit. 
[Claim 3] 

First and second load circuit connecting terminals to which first 
and second load circuits that have to electrify first and second 
signal electric currents which are in supplementary relations, and 
connected to these first and second load circuit connecting 
terminals, in laser-light generation apparatus which provides 
laser-diode drive circuit that has signal electric current occurrence 
source which is an occurrence source of the mentioned above first 
and second signal electric current, 

a laser-light generation apparatus which is characteristic for 
connecting a dummy modulation device diode to the side of the 
connecting terminal of the mentioned above second load circuit 
along with connecting a laser diode built-in modulation device 
diode of modulation device to the side of the connecting terminal 
of the mentioned above first load circuit. 
[Claim 4] 

A laser-light generation apparatus mentioned in claim 3 which is 
characteristic for the fact that the mentioned above laser diode 
built-in modulation device diode of modulation device is 
connected in a line (row) with the first resistance element in order 
to plan matching with output impedance of the side of connecting 
terminal of the mentioned above first load circuit of the 
mentioned above laser-diode drive circuit, 

and for the fact that the mentioned above dummy modulation 
device diode is connected in a line (row) with the second 
resistance element in order to plan matching with output 
impedance of the side of connecting terminal of the mentioned 
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above second load circuit of the mentioned above laser diode 
drive circuit. 

[Detailed explanation of the invention] 

[0001] 

[Technology field which invention concerns] This invention 
concerns a laser-light generation apparatus that generates laser 
light and is used in light transmission systems etc. 

[0002] 

[Conventional technique] Diagram 5 is a circuit diagram that 
shows necessary part of the first example of conventional laser- 
light generation apparatus. In diagram 5, 1 is a laser diode drive 
circuit, 2 is a signal input terminal to which data signal DATA is 
being input, 3 is a signal input terminal to which reversed data 
signal/DATA that is in supplementary relations with data signal 
DATA is being input. 

[0003] 

Furthermore, 4 is a differential amplifier of differential output 
patterns where reversed data signal/DATA is being input to 
reversed input terminal and data signal DATA is being input to 
non-reversed input terminal, 5, 6 are high mobility transistors 
which perform differential amplification operations, so-called 
HEMT, 7 is a set electric current source, 8, 9 are load circuit 
connecting terminals. 
[0004] 

In HEMT 5 a gate is connected to non-reversed output terminal 
of differential amplifier 4, and drain is connected to load circuit 
connecting terminal 8, while in HEMT 6 a gate is connected to 
reversed output terminal of differential amplifier 4, and drain is 
connected to load circuit connecting terminal 9. 
[0005] 

Moreover, sources of HEMT 5, 6 are connected, and this 
connection point is connected to electric current input edge of set 
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electric current source 7, and electric current output edge of set 
electric current source 7 is connected to VSS power supply line. 
[0006] 

Here, between HEMT 5, 6 and set electric current source 7, 
signal electric current occurrence source which occurs first and 
second signal electric currents that are in supplementary relations 
and have to be floated in first and second load circuits connected 
to load circuit connecting terminals 8,9 is being formed. 
[0007] 

In other words, between HEMT 5 and set electric current source 
7, first signal electric current occurrence source that occurs first 
signal electric current corresponding to data signal DATA is 
being formed, and between HEMT 6 and set electric current 
source 7, second electric current occurrence source that occurs 
second signal electric current corresponding to data signal/DATA, 
i.e. supplementary to first signal electric current, is being formed. 
[0008] 

In addition, 10 is a laser diode (LD) which constitutes a source of 
light, 11, 12 are resistances for planning matching with output 
impedance of laser diode drive circuit 1, and in this example, a 
series circuit constituted from laser diode 10 and resistance 11 is 
taken for first load circuit, and a circuit constituted from 
resistance 12 is taken for second load circuit. 
[0009] 

Here, for instance, in case output impedances as viewed from load 
circuit connecting terminals 8, 9 of laser diode drive circuit 1 are 
25 O respectively, and resistance of laser diode 10 in continuity is 
5 O, resistance 11 is 20 O, resistance 12 is 25 O, and balance 
between impedance with reference to the load circuit side as 
viewed from load circuit connecting terminal 8 and impedance 
with reference to the load circuit side as viewed from load circuit 
connecting terminal 9, is being ensured. 
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[0010] 

Moreover, diagram 6 is a circuit diagram that shows necessary 
part of the second example of conventional laser-light generation 
apparatus. In diagram 6, 21 is a laser-diode drive circuit, 22 is a 
signal input terminal to which data signal DATA is being input, 
23 is a signal input terminal to which reversed data signal/DATA, 
which is in supplementary relations with data signal DATA, is 
being input. 
[0011] 

Besides, 24 is a differential amplifier of differential output 
patterns where reversed data signal/DATA is being input to 
reversed input terminal and data signal DATA is being input to 
non-reversed input terminal, 25, 26 are HEMT that perform 
differential amplification operations, 27 is a set electric current 
source, 28, 29 are load circuit connecting terminals. 
[0012] 

In HEMT 25, a gate is connected to non-reversed output 
terminal of differential amplifier 24, and drain is connected to 
load circuit connecting terminal 28, whereas in HEMT 26 a gate 
is connected to reversed output terminal of differential amplifier 
24, and drain is connected to load circuit connecting terminal 29. 
[0013] 

Also, sources of HEMT 25, 26 are connected, and this connection 
point is connected to electric current input edge of set electric 
current source 27, and electric current output edge of set electric 
current source 27 is connected to VSS power supply line. 
[0014] 

Here, between HEMT 25, 26 and set electric current source 27, 
signal electric current occurrence source which occurs first and 
second signal electric currents that are in supplementary relations 
and have to be floated in first and second load circuits connected 
to load circuit connecting terminals 28, 29 is being formed. 
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[0015] 

In other words, between HEMT 25 and set electric current source 
27, first signal electric current occurrence source that occurs first 
signal electric current corresponding to data signal DATA is 
being formed, and between HEMT 26 and set electric current 
source 27, second electric current occurrence source that occurs 
second signal electric current corresponding to reversed data 
signal/DATA, i.e. supplementary to first signal electric current, is 
being formed. 
[0016] 

Moreover, 30 is a laser diode built in modulation device (MI-LD), 
31 is a laser diode that constitutes a source of light, 32 is a diode 
of modulation device that outputs, having modulated, laser light 
which is being output from laser diode 3 1, to the outside. 
[0017] 

Still, laser diode 31 is connected between grounding line and set 
electric current source 33, and modulation device diode 32 is 
connected between grounding line and load circuit connecting 
terminal 28 of laser-diode drive circuit 21, and electric current 
input edge of set electric current source 33 is connected to VDD 
power supply line. 
[0018] 

In addition, 34, 35 are resistances to plan matching with output 
impedance of laser-diode drive circuit 21, and in this example a 
parallel circuit made from modulation device diode 32 and 
resistance 34 is taken for first load circuit, and circuit made from 
resistance 35 is taken for second load circuit. 
[0019] 

Here, for instance, in case output impedances as viewed from 
load circuit connecting terminals 28, 29 of laser-diode drive 
circuit 21 are 50 . each, resistances 34, 35 are taken for 50 ., and 
balance between impedance with reference to the load circuit side 



7 



as viewed from load circuit connecting terminal 28 and 
impedance with reference to the load circuit side as viewed from 
load circuit connecting terminal 29 is being ensured. 
[0020] 

[A problem which invention tries to solve] In first example 
of conventional laser-light generation apparatus shown in diagram 
5, due to resistances 11, 12, although the balance between 
impedance with reference to the load circuit side as viewed from 
load circuit connecting terminal 8 and impedance with reference 
to the load circuit side as viewed from load circuit connecting 
terminal 9 is being ensured, when signal frequency becomes high, 
for example, when signal frequency reaches the level of 10 GHz, 
capacitance component of laser diode 10 cannot be ignored. 

[0021] 

Therefore, it becomes difficult to ensure a balance between 
impedance with reference to the load circuit side as viewed from 
load circuit connecting terminal 8 and impedance with reference 
to the load circuit side as viewed from load circuit connecting 
terminal 9, and, as shown in diagram 7, number of jitters in 
optical waveform becomes bigger, starting time of optical 
waveform becomes longer, and there is a problem of 
impossibility of performing high speed transmission. 
[0022] 

In second example of conventional laser-light generation 
apparatus shown in diagram 6, due to resistances 34, 35, though 
the balance between impedance with reference to the load circuit 
side as viewed from load circuit connecting terminal 28 and 
impedance with reference to the load circuit side as viewed from 
load circuit connecting terminal 29 is being ensured, when signal 
frequency becomes high, for instance when signal frequency 
reaches the level of 10 GHz, capacitance components of 
modulation device diode 32 cannot be ignored. 
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[0023] 

That's why it becomes difficult to ensure a balance between 
impedance with reference to the load circuit side as viewed from 
load circuit connecting terminal 28 and impedance with reference 
to the load circuit side as viewed from load circuit connecting 
terminal 29, and, as shown in diagram 8, number of jitters in 
optical waveform becomes bigger, starting time of optical 
waveform becomes longer, and there is a problem of 
impossibility of performing high speed transmission. 
[0024] 

This invention, in view of points concerned, aims at providing a 
laser-light generation apparatus in which there is little jitter, 
optical waveform with short starting time is being generated, and 
it is possible to perform a high-speed transmission. 
[0025] 

[Devices (methods) used to solve the problem] In this 
invention, the first invention (laser-light generation apparatus 
mentioned in claim 1) is a thing that, in laser-light generation 
apparatus which provides laser-diode drive circuit that has signal 
electric current occurrence source which is an occurrence source 
of first and second signal electric current and where first and 
second load circuit connecting terminals to which first and second 
load circuits that have to electrify first and second signal electric 
currents which are in supplementary relations, and connected to 
these first and second load circuit connecting terminals, connects 
a dummy laser diode to the side of the connecting terminal of the 
mentioned above second load circuit together with connecting a 
regular laser diode to the side of the connecting terminal of the 
first load circuit. 
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[0026] 

In this invention, as a dummy laser diode is connected to the 
side of the connecting terminal of the mentioned above second 
load circuit together with a regular laser diode being connected to 
the side of the connecting terminal of the first load circuit due to 
invention 1, even in case the signal frequency is high and 
capacitance component of regular laser diode cannot be ignored, 
it is possible to ensure the balance between an impedance with 
reference to the load circuit side as viewed from the connecting 
terminal of a first load circuit of the laser-diode drive circuit and 
an impedance with reference to the load circuit side as viewed 
from the connecting terminal of the second load circuit. 

[0027] 

In this invention, the second invention (laser-light generation 
apparatus mentioned in claim 2) is a thing that, in first invention, 
has a regular laser diode connected in series to the first resistance 
element in order to plan matching with output impedance of the 
side of connecting terminal of the first load circuit of laser diode 
drive circuit, and connects in series dummy laser diode to the 
second resistance element so that to plan matching output 
impedance of the side of connecting terminal of the second load 
circuit of laser diode drive circuit. 
[0028] 

In this invention, due to the second invention and in the same 
way as in the first invention, even when the signal frequency is 
high and capacitance component of regular laser diode cannot be 
ignored, it is possible, along with ensuring the balance between 
an impedance with reference to the load circuit side as viewed 
from the connecting terminal of a first load circuit of the laser- 
diode drive circuit and an impedance with reference to the load 
circuit side as viewed from the connecting terminal of the second 
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load circuit, to plan matching with output impedance of laser- 
diode drive circuit, 
[0029] 

In this invention, the third invention (laser-light generation 
apparatus mentioned in claim 3) is a thing that, in laser-light 
generation apparatus which provides laser-diode drive circuit that 
has signal electric current occurrence source which is an 
occurrence source of first and second signal electric current and 
where first and second load circuit connecting terminals to which 
first and second load circuits that have to electrify first and 
second signal electric currents which are in supplementary 
relations, and connected to these first and second load circuit 
connecting terminals, connects a dummy modulation device diode 
to the side of the connecting terminal of second load circuit along 
with connecting a laser diode built-in modulation device diode of 
modulation device to the side of the connecting terminal of the 
first load circuit. 
[0030] 

In this invention, due to the third invention, because a dummy 
modulation device diode is being connected to the side of the 
connecting terminal of second load circuit along with a laser 
diode built-in modulation device diode of modulation device 
being connected to the side of the connecting terminal of the first 
load circuit, even in case the signal frequency is high and 
capacitance component of regular laser diode cannot be ignored, 
the balance between an impedance with reference to the load 
circuit side as viewed from the connecting terminal of a first load 
circuit of the laser-diode drive circuit and an impedance with 
reference to the load circuit side as viewed from the connecting 
terminal of the second load circuit can be ensured. 



[0031] 

In this invention, the fourth invention (laser-light generation 
apparatus mentioned in claim 4) is a thing that, in third invention, 
has the laser diode built-in modulation device diode of 
modulation device connected in a line (row) with the first 
resistance element in order to plan matching with output 
impedance of the side of connecting terminal of the first load 
circuit of the laser-diode drive circuit, and has the dummy laser 
diode connected in a line (row) with the second resistance 
element in order to plan matching with output impedance of the 
side of connecting terminal of the second load circuit of laser 
diode drive circuit. 
[0032] 

In this invention, due to fourth invention and in the same way as 
in third invention, even when the signal frequency is high and a 
capacitance component of regular laser diode cannot be ignored, 
it is possible to ensure the balance between an impedance with 
reference to the load circuit side as viewed from the connecting 
terminal of a first load circuit of the laser-diode drive circuit and 
an impedance with reference to the load circuit side as viewed 
from the connecting terminal of the second load circuit together 
with planning the matching with output impedance of laser-diode 
drive circuit. 
[0033] 

[Embodiment of invention] Below, referring to diagrams 1-4, 
we explain first and second embodiments of the invention. Yet, in 
diagrams 1 and 3 similar symbols were used for parts which 
correspond to diagrams 5, 6, and this redundant explanation is 
omitted. 
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[0034] 

First embodiment of invention. .diagrams 1 , 2 

Diagram 1 is a circuit diagram that shows the necessary part of 
one embodiment of the first invention, and one embodiment of 
the first invention is a thing that, as shown in diagram 5, instead 
of connecting a 25 . resistance 12, connects a series circuit which 
is composed of a resistance 40 at 20. and of a dummy laser diode 
41 whose resistance value in continuity is identical to that of a 
regular laser diode 10 that is wired across the connecting terminal 
9 of a second circuit at a laser-diode drive circuit 1 and a 
grounding line in such a way that the dummy laser diode 41 is 
connected in the same direction as the regular laser diode 10, and 
as for the rest, is formed in the same way as the first conventional 
example of laser-light modulation apparatus shown in diagram 5. 

[0035] 

Here, impedance with reference to the load circuit side as viewed 
from the connecting terminal 8 of a load circuit of the laser-diode 
drive circuit 1, is resistance value of resistance 1 1+resistance 
value of regular laser diode 10 in continuity=20.+5 =25.. 
[0036] 

And impedance with reference to the load circuit side as viewed 
from the connecting terminal 9 of the laser-diode drive circuit 1, 
is resistance value of resistance 40+resistance value of dummy 
laser diode 41 in continuity=20.+5 =25.. 
[0037] 

In such way, in one embodiment of the first invention, between 
the connecting terminal 9 of the load circuit of laser-diode drive 
circuit 1 and the grounding line, resistance 1 1 and resistance 40 
which is of identical resistance value, and dummy laser diode 41 
that makes resistance value in continuity identical to regular laser 
diode 10, are connected in series. 
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[0038] 

As a result, even when a signal frequency is high and the 
capacitance component of the laser diode 10 cannot be ignored it 
is possible, along with ensuring the balance between an 
impedance with reference to the load circuit side as viewed from 
the connecting terminal 8 of a load circuit of the laser-diode drive 
circuit 1 and an impedance with reference to the load circuit side 
as viewed from the connecting terminal 9 of a load circuit of the 
laser-diode drive circuit 1, to plan the matching with output 
impedance of the laser-diode drive circuit 1 . 
[0039] 

Consequently, due to one embodiment of the first invention, as 
shown in diagram 2, it is possible to generate an optical 
waveform with short starting time and to perform a high-speed 
transmission with little jitter. 

[0040] 

Second embodiment of invention.. diagrams 3,4 

Diagram 3 is a circuit diagram that shows the necessary part of 
one embodiment of the second invention, and one embodiment of 
the second invention is a thing that, as shown in diagram 6, 
connects in a line (row) dummy modulation device diode 43 
which resistance value in continuity is identical to regular 
modulation device diode 32 in the same direction as regular 
modulation device diode 32 between the connecting terminal 29 
of load circuit of the laser-diode drive circuit and the grounding 
line, and as for the rest, is formed in the same way as the second 
conventional example of laser-light generation apparatus shown 
in diagram 6. 
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[0041] 

Here, an impedance with reference to the load circuit side as 
viewed from the connecting terminal 28 of a load circuit of the 
laser-diode drive circuit 21, is 1/[(1 /resistance value of resistance 

34) +(l /resistance value of regular modulation device diode 32 
during reverse bias)]=l/[(l/50)+(l/.)]=50.. 

[0042] 

Besides, an impedance with reference to the load circuit side as 
viewed from the connecting terminal 29 of a load circuit of the 
laser-diode drive circuit 21, is 1/[(1 /resistance value of resistance 

3 5) +(l /resistance value of dummy modulation device diode 43 
during reverse bias)]=l/[(l/50)+(l/.)]=50.. 

[0043] 

In such way, in one embodiment of the second invention, 
between the connecting terminal 29 of the load circuit of the 
laser-diode drive circuit 21 and the grounding line, dummy 
modulation device diode 43 is connected in a line and in the 
identical direction with regular modulation device diode 32. 

[0044] 

As a result, even when a signal frequency is high and the 
capacitance component of the modulation device diode 32 cannot 
be ignored, it is possible to ensure the balance between an 
impedance with reference to the load circuit side as viewed from 
the connecting terminal 28 of a load circuit of the laser-diode 
drive circuit 21 and an impedance with reference to the load 
circuit side as viewed from the connecting terminal 29 of a load 
circuit of the laser-diode drive circuit 21 . 

[0045] 

Consequently, due to one embodiment of the second invention, 
as shown in diagram 4, it is possible to generate an optical 
waveform with short starting time and to perform a high-speed 
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transmission with little jitter. 
[0046] 

[Effect of invention] In this invention, due to the first invention 
(a laser-light generation apparatus mentioned in claim 1), owing 
to the fact that along with connecting a regular laser diode to the 
side of the connecting terminal of the first load circuit dummy 
laser diode is connected to the side of the connecting terminal of 
the second load circuit, even when a signal frequency is high and 
the capacitance component of the regular laser diode cannot be 
ignored, as the balance between an impedance with reference to 
the first load circuit side as viewed from the connecting terminal 
of the first load circuit of the laser-diode drive circuit and an 
impedance with reference to the second load circuit side as 
viewed from the connecting terminal of the second load circuit of 
the laser-diode drive circuit can be ensured, it becomes possible 
to generate an optical waveform with short starting time and to 
perform a high-speed transmission with little jitter. 
[0047] 

In this invention, due to the second invention ( a laser-light 
generation apparatus mentioned in claim 2), it is possible to plan 
the matching with output impedance of the laser-diode drive 
circuit along with generating an optical waveform with short 
starting time and performing a high-speed transmission with little 
jitter in the same way as in the first invention. 

[0048] 

In this invention, due to the third invention (a laser-light 
generation apparatus mentioned in claim 3), owing to the fact that 
along with connecting a modulation device diode which is built in 
laser diode of modulation device, to the side of the connecting 
terminal of the first load circuit, dummy modulation device diode 
is connected to the side of the connecting terminal of the second 
load circuit, even when a signal frequency is high and the 
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capacitance component of the regular laser diode cannot be 
ignored, it becomes possible to generate an optical waveform 
with short starting time and to perform a high-speed transmission 
with little jitter, because the balance between an impedance with 
reference to the first load circuit side as viewed from the 
connecting terminal of the first load circuit of the laser-diode 
drive circuit and an impedance with reference to the second load 
circuit side as viewed from the connecting terminal of the second 
load circuit of the laser-diode drive circuit can be ensured. 
[0049] 

In this invention, due to the fourth invention (a laser-light 
generation apparatus mentioned in claim 4), it is possible to plan 
the matching with output impedance of the laser-diode drive 
circuit together with generating an optical waveform with short 
starting time and performing a high-speed transmission with little 
jitter in the same way as in the third invention. 

[A brief explanation of the diagrams] 

[Diagram 1] 

A circuit diagram that shows the necessary part of one 
embodiment of the first invention of this invention. 
[Diagram 2] 

A diagram that shows an optical waveform gained due to one 
embodiment of the first invention of this invention. 
[Diagram 3] 

A circuit diagram that shows the necessary part of one 
embodiment of the second invention of this invention. 
[Diagram 4] 

A diagram that shows an optical waveform gained due to one 
embodiment of the second invention of this invention. 
[Diagram 5] 
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A circuit diagram that shows the necessary part of the first 
conventional example of laser-light generation apparatus. 
[Diagram 6] 

A circuit diagram that shows the necessary part of the second 
conventional example of laser-light generation apparatus. 
[Diagram 7] 

A diagram that shows optical waveform gained by the first 
conventional example of laser-light generation apparatus in case 
the signal frequency was made higher. 
[Diagram 8] 

A diagram that shows optical waveform gained by the second 
conventional example of laser-light generation apparatus in case 
the signal frequency was made higher. 
[Explanation of symbols] 
1 0 laser diode (LD) 

30 modulation device built-in diode (MI-LD) 

3 1 laser diode (LD) 

32 modulation device diode 

41 dummy laser diode 43 dummy 

modulation device diode 
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[Diagram 1] 

A circuit diagram that shows 

the necessary part of one embodiment 

of the first invention 
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41 



40 



5?* to LD 
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^ 1 laser-diode drive circuit 



[Diagram 2] 

A diagram that shows optical 
waveform gained due to one 
embodiment of the first invention 



it 



time 



[Diagram 4] 

A diagram that shows 
optical waveform gained 
due to one embodiment of 
the second invention 




time 



[Diagram 5] 

A circuit diagram that shows the necessary part of the first 
conventional example of laser- light generation apparatus 



[Diagram 3] 

A circuit diagram that shows the necessary 
part of one embodiment of the second invention 
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[Diagram 7] 

A diagram that shows optical waveform gained 
due to the first conventional example of laser- 
light generation apparatus in case the signal 
frequency was made higher 



VSS 

1 laser-diode drive circuit 



[Diagram 6] 



A circuit diagram that shows the necessary part of the second 
conventional example of laser-light generation apparatus 



modulation device diode 
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21 laser-diode drive circuit 
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[Diagram 8] 

A diagram that shows optical waveform gained due to 
the second conventional example of laser-light generation 
apparatus in case the signal frequency was made higher 
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vm)®&<r>Mim2cofkffi®&mmfli!i?WcoiiiJ}4 V 

«gg$^rv^ £ k twit -tzmim 3tm^v— r 

[000 1] 
[0002] 

[ mkowa ] 11 5 am 1 ra*^ u— 9* #?fc£§£ffi«o 



*«*A*#F, 3(if-^ft-tDATAfcffl«ra«lC 
J) £> WM~f— 9 {M - / DATA A* A^J e? iT. •§> fl^A^J 4$ 

[000 3] tti. 4{i^RKA^«g^tT-^«-^D 
ATAtfA^SfU KKA^SS^^K«feT-^«^/D 
ATAtf\J)2tL&&miUJ)B<vmMT>T. 5. 6(i 

HEMT. 7 8, 9 Ji:ft?8?lH]S&8$$iH 1 T 

[0004] HEMT5li, y— h SrUffijT ^7*4c0^ 

SfcSSBSSS^lTfc 1 ), HEMT6li. f-Y^msTV 

mm-9\,zmtetix^i>. 

[0005] $.tz. HEMT5, $<r>V—xn±\XW& 

ztixts*). zcoimj&i.%.m%im i <r>w8L\-hmz& 
mzii. izmm&7cr>mMii!,jjmtvssn.m&izmifc 
znx^z. 

[0006] ZZIZ, HEMT 5 , 6k. %M%SM7 k 

x\ nn®8zmffim-8, 9izmwititiz>mi. m2co 
n#i®mzm.-t^mmmmz$>&mi . sg2<ofi#m 
mmL-thm^msiimiWti { ffif$.ztix^& . 

[000 7] m-h. HEMT 5L %MffiM7 kX\ T 

-^fi-f-D ATAtc^jc-r^m i o«-?-msiE^^-ts 

mi^fi-f-tta^iS^ffi^^itTtJO. HEMT 6 
k. %.VMM7kX\ ?—?m i 5/VATAl l zttmth 
ft^mSE. ID*., mi«fS^«8SEtffl»«l=*>&m2 

[00083 i oizt/tMZK-rv— -ry^x-v 

(LD). IK 1 2iiU— (f^>f^-HIBK)[HlKl<0 

■Ciis U— r^sf-Fl oaVffifitl l*^^&iS?iJ 
[HlK*^lom^lsIISt§*x, JStitl 2*^^r«,E8ft* i 
m 2 <r>%M lalffS i: $ ixx v >i . 
[00 09] *- HSfflllsI 

nioA«iaiMfifK«78, 9*^^as^-f^t-y 

VXA»-E-ix-fil2 5«. V-^fy^it-Y 1 OcoSfii^ 
««m* { 5Q«o^(c{i. ffititi Ui2 0ft. fitti 2 
(i2 5Qi: m^IDKSi^ffl^S^^m^dlffiffl!!* 
Ife^^t-mi:, m?^[Hl85S^JS8^9*^ft?tlHl 

[ 0 0 1 0 ] H6«m2«e*WI«01^— (f3K^H 

jf- Ymm®®tXb <o , 2 2«t-*-^«^d ata# 

A*)$ixS«^A^^. 2 3(i-r-^ft-^DATAi: 
ffl«M^(C«>SRli£T-^«#/DATA*<A^$^S 
ft#A*iffi^-C*J>i». 

[0011] 2 4{i^R«A^j!®^^T-^(t^ 
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DATA*<A7J£i-U WM.X^=t^WMrr—9m^/ 
DATAtfAjlZtl&gMlXj}m<7)m®Ty7. 2 5, 
2 6l;HBB«MMMI^fif3HEMT\ 2 7tt««R»L 

2 8, 2 9itnM^mwm :: f-x'hh. 

[00 12] HEMT2 5I1 Y- hSrHiST^r 2 4 
4g^2 8lC^Stl.Tl3 0, HEMT2 6I1 y-hSr 

ni!)ryr2 4^te;u^ffi^^^fL, Fw-fvfc 

[00 13] ttl. HEMT25, 2 6 tfOV— X|3|±W: 

mzmma fu &smm 2 7 <o«aaj*i«4 v s s mas 

[0014];>:C. HEMT25. 2 6 fc . fcmfSM 

2 7tx\ fmvm«msFF2 8. 2 9izmwfeti?>m 
1 . m2cr>n$j®mzfig.?«*zmmmmz*>2>mi . « 

[00 1 5] IP*>. HEMT25t. 5£«»&aS2 7i 
T\ T-^fl^D AT Afc*fJWS» 1 C0fi-^mffi$rf6 

4 $ 1 <oe#«6»fei8*«ifUft*ii-c ** 0. hem 

T26b. SmoE«2 7fcT-, KSSr-^fl^/D AT 

[ 0 0 1 6 ] 2 * . 30 [mw&pm^-fyj *- k 

( M I - L D ) T* 0 . 3 1 (^agSr^r-rw-if r-f * 
-h\ 3 2«iU-if^*-K3 1*»^aj*$ixSU- 

s. 

[ 0 0 1 7 ] sfirfc. U-^y-i H 3 1 fcL tttttth 
£mS5i®3 3 fc0>RB=*«S*U Kltmyt *- H 3 2 
(4, ««K84: HBUEIK 2 1 OAffllin 

2 8 1 on»Cl»R « ftT *> 0, Sgttsfc® 3 3ffl 
««A**lt4VDD«an»fc:«»8nTV^*. 

[0018]4fc. 34. 3 ♦F^W F» 

HISS 2 latttfH >t-yy*bc?>m$Zm&ti*bcr)m. 

t&x-h o , cow-wi. jaaws^-f *- f 3 2az/ffii)t 

3 4*>^^SM^)HlSS* i miwmWIIlS5fc$il. JfiSt3 

[0019] i^c, tittii. u—?yj vwm 

H»2 l<OftW0»««»8HF2 8. 2 9a>6J&fcHWH 
yt-yyxwzti^tisosicotgr&tziz. i£i(i3 4, 

HHBfrJlfc-f vtf-^yxfc . m^fE»SgKia^2 9*> 
[0020] 

[WHtflBfcLJ: a fc-T&ilB] H 5 (CSS** 1 «*H 



yyxb. fffi®m*mi&=F9frh%M%mw*fLtz4 
msttfmKtcht. mta. m^mmwi oghzh 

[0021] £tftf:#>. m?SflHlS&m4iS^8*^M?SflHl 
^ifc^BBSiii^O, l37^-r«J:5(=3fe^{w^-^ 

£*>-t*< o . a^t* 1 •) b$iu?>£v 

[0022] m6iz^m2mtm<nu-vm&m. 
ic&wra. sia3 4. 3 51CJ:'?. nftmsmmm- 
2sfrt>n.%smz%sz4>'e-yyxk, nmrnusm 
m?2 9frt>n.ffi®$&mt:Mjz4 yv-yyxbw^ 
yxfim&ztix^&tf, m^mwmtm<%ht. m 
us. m*msm&i oGHzSJKCw^&t. $m&y 

A Y 3 2 <5DSfifi£^*^T*^ * < =5:6 . 
[00233 CI«0^. flffirlainifiKt|72 8*»4,ft?t 

mzn.*:* y\z-yyxt. nffi®Wkmm=i-29frh 
fffiw&mi%fz4 yv-yyxb<7v^y*.zw.m- 
zztwrnrnt**). H8(^-r < ±3tc3fcia[^icj/>y^ 

[00 24]*^(i, VitV&b 
[0025] 

•sail, sf^^fi-^mssrss-f^sgi, ^2com?tiHi 
f>mi, m2^m^0K^«rF{csf^n. ssi. m 

fcv^-c, minnftEsmimTWiziEMnu-- ry-t 
*- vz&mthtmz. &2<r>%&®m&m : m\ l z 
y$ -<ou-v y* v lx t ^ a tot- 

[0026] 3f=^4j . ^ i <7)&mz £til£ . m 1 on 
fcft^. m2om^@S8^ffl^<B9{c^S-^P— tJ 1 ^ 

< . ie««u— v y* vco®&s&tttfmmx'% ^ 
ivisx-h -5"ct>, i — ir^-f sf- Kggsftmss^^ i <om 
nri§)fBmMHF^4>jR 1 con^m^miMfz^ yv-y 
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«MH t *»feW2<?)ftffiisw»«*jajii:-f >v-y>xbn 

y* &Wkt hz\ktfX'%&. 
[0027] #%BJ34>. s&2CD?&n <m$a2Ell*>U 
— f*%^SIS) ti. SlWICiik^, lEMcou- 

u-- r^tf-Hii. *r^3f-K«!i!iigssfio^2 
0 & 7t y>tfois 2 enmm? t w$mtii ztix^&t^^o 

[0028] *2 <O»01fc: J:*lJf . 35 1 

Yco®m&tti)mmx'%%^t%&X'$>'>xi>. u— 

-^yxhco^SrHI. £ i: £ . 

[0029] 2is^*. m3oKw {m^m3im<ou 

«SfcStt-**«l. »2<0*WEI»**«»$ix*» 
1. SS2coAWIsISS^!(S^t, £*i£3fl. 3526D& 
»E»H»WTfc*«S*U SI, 3S2<0fi-^«SEO?& 

[0030] *»^H+. JII3 *>»Sfc: AftJf . at i <ot 

■#-«i:LT^&OT, ft9'MiHKA ( *<. 1£M<0V- — 0* 
V-<ry4 *- PHBRAi 1 Oft«f HBMMWB^** 
-f KiB16lHlSS<0^260m^fIsl58SiBH^*^^2^ 

[0031] &4co%.w (tmmAtm^v 

L'-if^ *- H lZf*mZtlX V U-if ^-f *- Y 

^nn^awn y v-yyx t <ns^im^tnbff>m 1 <n 
t&mm : ?bMiPmffiztix&<). y^-<nv-^y^^ 



2 omfcm^ttfLFmMZixx ^ht^ot w?>s. 

[0032] *JM!+, S54<O^BHCJ:ix(f „ S&3C0& 

vco®aj&tttfmmx'£%um$x'$>r,xi>. u—fy 

4 *- HBHrtHRaSI 1 W:ft?!?lH]ffi«^J£Hf *>£>m 1 <0 
fl«fEI»W*&fc-f VK-mt. V-WA*-Y 

-r^X t cOlE-^Sr® £ t & . 
[0033] 

imkozmnrnm hit. mi~~m4zmmi.x. m 
1. ® 2<7)%pR(7)-mM&miz^ \, ^xma-tz. %ti. 

HI, 03tcfc^T, 05. 06CWJE-tSSP^«P! 

[0034] ffil<Of|HH<o-SUfeJB!B- -01.02 
0 1 tif* 1 <7)^W-SISfi«©<OSg|55-^lElK0T'*> 

IsIKKom^lHlK^^QtfifittlSfctfO^K:. 05£ 
^<td(=. 2 5£2<0«l5tl 2 2rl«eg-r&^ , )<c:. 2 
0 noffiCt4 0 k . SiiBtcosc^lS-iEa^ v-ifr-f 
^•-h'l OkPl-ki-^ys-cOl'— fy><*—Y4 1 
fc*»£>'8rieHEI»fc, ^5-<0W— !T^*-H4 1 

r ^^ust mmizmf8.Ltzt>cr)X't>&. 

[003 5] ZZIZ. *-Yimm&\<F>% 

Ji. ffifitl lcO«iaffi+iE«<7)L'-1? r ^3i--Hl Off) 
mm^<r>1&tm= 2 0£i+5ii= 2 5 nt^:&. 

[0036] *fc, U— ^^^-KSattH]»l<0fl^ 

«i. s*t4 ocomjim+ys-coxs-vyj *-Y4 i 

cO»jiB$c7)fitn:ffl= 2 0 CI + 5 Q = 2 5 S2 1 & & . 

[0037] £«o j: oiz.mi <n%ffl<r>-$mmmzii 
^x\t. u— ¥y4*-vmm®8&i(7>n#i®fmtfm 
?9tm&mtcomz. t&mi 1 tisi-ffita<soffi!ii4 

0 1 , #ii^<0ffiit«5:iE«^l'—f^-< ^- H 1 0 1 
Pl-k-rsrS-tfOW— f^=t-H4 1 fcSrttJWcfc 

[00383 £<ois*. imradfcraK . u-irr-f 

xmwm*SiA4 yv-fyxt. v-wa*-y 
mm®, 1 nimwiwstm- 9 a^nffiigssoas- ji* 
■i y v-yyxtco^vyxzm&thz ttfx-% ht 
mz. v-vy* HiBiSniss 1 <oaj;>M >tr-^>- 

[0039] L^*<o t, ssi oy^vy-mmmz i. 
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[0040] 352C03tWcr>-mtmm • ■ 03 . 04 

0 3 urn 2 <7)WMco-mtmmcom^^-tmmmx'h 
<o.m2 <rmm<?>— jtusmui. u-yy* Ywm 
\m2 1 nnGrmmmi®? 2 9 tmm&tnmiz. 0 
6 izTik-t x 0 t, mm^<owm*iEM<w$&my << * 
-H32fci3i-ti-&^'5 -<rmm&y * y 4 3 * 

IB&O^lEfi^ X—Y3 2 b |S|-*-|6jtcM?iJl2«^ 
U -tcnMlzn^Xlt. m6lZ7fr<m2WfcmcDl>~ tf 

[00411 HC. U- 1f^5!--HiBlfilsI8S2 1<0 

y^»±, 1/ [ ( l/t£«;3 4<7)i£fit<I) + ( 1/jE* 

ngm&y-i y 3 2<r>w.iU Tx&i<r>Wfm.) ] - 

l/[ (1/50) + ( l/oo) ] =5QQb%Z. 
[004 2] (f^-f ^-HffiSftHlK2 

ft^mtim^ 2 9frbfmm,mifLtz4 yv-yy 
*«. 1/ [ ( i/m.ta3 5<Dmn,m) + < i/y$- 

^PS^^-H4 3Oi£^MrXB#i0ffiJt<I) ] = 
1/ [ (1/50) + (l/oo) ]=50Qt«. 

[0043] zcox 0 m2<7)%m<7>-9m&mzt5 
^tia, u~?y-< Ywmmn2 1 om^igffi^ 

iS^ 2 9 i: « W OPbIC , ? 5 -^PSs^-f *- K 
4 3 &JEMc0$im$&y4 Y 3 2 fc |3I-^ri6](cM?iJ{c 

[0044] fi^jftSt* J ©< , mmvj 
*-y 3 2(7>®&i&tttf$mx'Z%^m-&x-$>~>x i> . 
u-vyj Ymm\B\m 2 1 ^nmmnimm- 2 s 
frhnM®®<m*%.M yv-yyxt. v-^y** 
-Ymwm2 1 conmm^mmm^ 9frt>fam®s& 
mzfLti-i >v-y>x t cr>^7 yxzmm-h zbw 

[0045] u^t. 12 nftwco-mmmizx 

0. ±%T1} < K)^com^ffimZ?k*E.i$-£hZb1) i X' 
# . igjSfSJMSr^T *>ZbtfX-%$>. 
[0046] 

[^iojft^] f i(^B| (IS*«llB»cO 

u— ffts&na) fcj:*uf, * 1 <oft«ria»«««HF 
mizjEMcou-^yj x-Ytmm-h tmz. m2cr> 
fmmtmwvfwtzr 5 -ww- *- k*sse 

if ^-Y 51"- F<0§Sj£#A«S*f %\,M&iZX'$> -> X 

i>. v— yyi*-Ywm%<m\(n%^mmtm 
if y* Ymmms&nm 2 n&mmnm&frbn 

2<z>mffilflISSf!l£.l.*:-r yv-yyz.bco'tyyz.zm 

m-hzb tfx-% h (T>x\ 'J -J y W£ < . 



0, ttTm^<r>^mw*&&.z j £&zbtfx* 

[0047] *«RB+> SS2<?)»BH (|»^B2ie®fiOU 
— r3t^lSa) iciftHf. mico^tlsi^C x-y 
^*^-5r<. ir*>±**0, :fc*>T#0ii$l^)ffiv>3tj*iJ 

tfte. v-vy4*-Ywmm&<n#,-ft4y\z-yy 
xbom&zm&zbtfX'Zt. 

[0048] *JWH+. (»*^3lBS8WU 
— TJt^^a) tCctfLtf, ^lcOft?^|al8S«^!e^0i!l 

^ 5}-- k *m&-?h b &i,z. &2<n%i%®foiffimi- 
mizy 5 -co%m&y>t *- Yiimth bLtzzb cc 

&m*%fz4yv-yyxb, u—*fy4*~Yfmi)® 
m>m 2 omssmsmimTfrbm 2 <r>$m®3&M&M. 
tz^yv-yy^b w<7 yx zmu-t h z t tfx-t h 

m^tm.&zmimt&zbwx'Z. TSMK&tnoz 

[0049] *%bs4>. f4W^ mimAtmnu 
-yytmimm) izxtm. m3<?>?&nbw\mz. 

*ft£.iHthZbtfX'%. m&G&iinoZbtfX'th 
bmz. u-vy4*-Y®M®ss<?>iitt4 yv-yy 

xb<rm&ZmhZbtfX'Zh. 

im 1 ] m 1 <vmie>~mimmn&mm 
•tms&mx'&h. 

[02] #f6BJJ<K ^ 1 o%a^-*^SSlcJ: 9<# <?» 
[03] *%Bflif. ^2c0%aB<0-|?J£^flS^)SaS:^ 
[H4] m2^BHO-»Sfi^®K<tO#^ 

CH5 ] 1 «e*wwL— if3t56^a<osspi-^-riii 
[ 1a 6 ] m 2 $e*0ijco u— y tm^w<m^7rct 0 

[07 ] fi#Ja»[StSr^< L^-&tcSSl«£3ROT<7)V- 

-f3ti6^at:j: m§t>ix&mm&f?tmx'3bh. 
[08] «#jaaass:i«< ufc*&tc»2ttow*oi/- 
¥3t^iiatc«t ms^n&ytmzim-tmx'hh. 
[«F#*>3t«y!] 

1 0 if^^-F (LD) 

3 0 JSW»rtK^-f*-H (MI-LD) 

3 1 V-yy4*-Y (LD) 

3 2 ^PSr-^^-H 
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^¥10-2 3 3 54 3 



4 1 yS-CDU-^yJX-V 

mi] 



43 



[02] 



[04] 



40 



3 j 4 



2 



5Jv10 LD 



5^11 
9 8 T 

^> 



* t 

si 



8 5 



I 

vss 



EP 



[03] 

55 2 <0*flfl<?)-*lSmteO*ffit^TIsl2&El 



43 a£/ 



32 




31 LD 



VSS 

^-21 U-lf^-f Kl 



[07] 



iX2 




win 



[05] 



12- 



2. I 



DATA <p—W+^— - 

DATA Jf- 

3 I A 



9 8 

A- 



10 LD 

|^11 



6 5- 

I 



i vss i 



[06] 




31 LD 



-21 u— var-r*- Kuasn 



(7) EffllPFl 0-2 33 54 3 



[08] 



»n 

► *ffl 



